Background: Pulmonary nocardiosis is a rare but severe infection caused by Nocardia species. This study aimed at describing the clinical characteristics and prognosis of pulmonary nocardiosis. Methods: An observational, retrospective study was undertaken of patients diagnosed with pulmonary nocardiosis over a 13-year period at the Kinki-Chuo Chest Medical Center, Osaka, Japan. Results: Seven patients with airway nocardial colonization and 59 patients with pulmonary nocardiosis were identified, one of whom had disseminated nocardiosis. Patients with pulmonary nocardiosis were predominantly male patients (73%), with a mean age of 66 (range, 15-88) years. New-onset cough and dyspnea were the most common manifestations (76%).
1.

Introduction
The Nocardia genus of aerobic gram-positive bacteria causes a range of infectious diseases, including isolated pulmonary and skin infections and disseminated disease [1] . Pulmonary nocardiosis is a rare but severe infection that commonly presents as a subacute or chronic disease, mimicking lung cancer or other pulmonary infections such as mycosis or bacterial pneumonia. There are more than 90 Nocardia species, at least 33 of which cause disease in humans [2] .
Because of changes in taxonomy and the difficulty inherent in the routine identification of Nocardia strains at the species level, there have been few published studies concerning pulmonary nocardiosis [3] [4] [5] [6] [7] [8] . Of those that have been conducted, most have investigated only patients with immunosuppression and have included only a small number of patients. Moreover, the details of the clinical characteristics and prognosis of pulmonary nocardiosis remain unclear. The objective of the present study is to clarify the characteristics of pulmonary nocardial patients and to elucidate the factors that determine its etiology and prognosis.
2.
Materials and methods
Study Subjects
We aimed at studying the clinical pattern of pulmonary nocardiosis in the Kinki-Chuo Chest Medical Center, Osaka, Japan, based on a retrospective review of cases from January 1999 to October 2012. The hospital is a 450-bed respiratory disease center designed to manage patients with various respiratory diseases. In the present study, patients with no evidence of pulmonary disease or symptoms of respiratory infection despite the isolation of Nocardia species were defined as having airway nocardial colonization. Pulmonary nocardiosis was defined as the presence of symptoms of respiratory infection consistent with pulmonary nocardiosis, with Nocardia species isolated from respiratory sample cultures on at least one occasion. Disseminated nocardiosis was defined as an infection in two noncontiguous organs or in the central nervous system. This study was approved by the Institutional Review Board at the Kinki-Chuo Chest Medical Center (Approval date: November 14, 2011; Approval number: 388).
Microbiological identification
In order to diagnose pulmonary nocardiosis, samples were examined microscopically after Gram staining in order to determine the presence of microorganisms and establish specimen quality. The presumptive identification of Nocardia species was based on the microscopic characteristics of the isolates and the macroscopic morphology of the colonies. Although 16S ribosomal RNA sequence-based identification of Nocardia species has recently become the gold standard, this technology was not available in our laboratories during the study period. Therefore, Nocardia isolates were identified using a combination of traditional standard biochemical tests, growth characteristics, and antimicrobial susceptibility patterns. Hence, the microbiological notation was rendered in its traditional form in this study. The susceptibility of the isolates was determined by the disc diffusion method. A total of 90 specimens from 66 patients were identified as cultureproven Nocardia.
Radiographic assessment
Three pulmonary infectious disease experts (Y.K., K. Tachibana., and K.S.) and one chest radiologist (M.A.) retrospectively reviewed de-identified computed tomography (CT) films. The reviewers classified each case based on the presence of the following features: (1) airspace consolidation; (2) nodules (defined as those with diameters o3 cm); (3) cavity; (4) consolidation with cavity; (5) pleural effusion; and (6) indeterminate (we anticipated the possibility that some cases had an underlying pulmonary condition indistinguishable from pulmonary nocardiosis because of the complicated structure of lung fields). Any inconsistencies were resolved by consensus.
Study variables
The following data were collected: patient demographics, comorbidities, immunological state, clinical manifestations, radiographic findings, bacteriological reports, susceptibility to trimethoprim/sulfamethoxazole (TMP-SMZ), treatment course, and survival time from diagnosis.
Statistical analysis
Statistical analysis was performed with SPSS version 15.0J software (SPSS Inc., Chicago, Illinois), and the Kaplan-Meier method was used for survival analysis. If the patient died or was lost to follow-up during the study period, this was recorded as censored data. A univariate assessment of selected risk factors was performed using a Cox proportional hazard model. To eliminate confounding factors in predicting mortality risk, variables with P values o0.05 on univariate analysis were then entered into a multivariate assessment. We used a Cox proportional hazard model with a step-up procedure, utilizing the likelihood ratio as the criterion for adding significant variables. Results are expressed as hazard ratios with corresponding 95% confidence intervals (CI). A P value of o0.05 was regarded as significant.
Results
Characteristics and clinical features of the patients
A total of 90 respiratory specimens from 66 patients were identified as culture-proven Nocardia. Seven patients were diagnosed with airway nocardial colonization because they had minimal or no lung-field lesions and the absence of respiratory symptoms. These lesions remained stable after at least 1 year of follow-up, during which time no treatment was given. In total, 59 patients were diagnosed with pulmonary nocardiosis (43 male patients and 16 female patients). One patient had disseminated nocardiosis of the central nervous system. The characteristics and underlying diseases of patients with airway nocardial colonization and pulmonary nocardiosis are detailed in Table 1 . The mean age was 66 years (range, 15-88 years). A total of 55 (93%) of 59 patients had at least one underlying pulmonary disease. Pre-existing structural abnormalities of the lung were common. Notably, most patients did not appear to be immunocompromised. Only one patient was being treated with corticosteroids (for systemic vasculitis); no other patient was receiving immunosuppressive agents. No patient had undergone transplantation, and no patient had human immunodeficiency virus infection or were alcoholic. All patients with airway nocardial colonization were male patients, and their mean age was 71 years.
3.2.
Symptoms, laboratory data, and radiographic patterns
At the time when Nocardia infection was identified, 45 patients with pulmonary nocardiosis (76%) had new-onset cough and dyspnea, which was associated with a fever higher than 37.5 1C in 36 patients (61%). In one case, dissemination to the central nervous system was detected, and that patient died 55 days after diagnosis. Blood examination confirmed leukocytosis in 20 patients (34%) and elevated C-reactive protein levels in 43 patients (73%).
Radiographic findings in the present study are given in Table 2 . The predominant abnormality on chest CT was airspace consolidation (Fig. 1 ), which may have been associated with cavitation. The second predominant abnormality was the presence of nodules (Fig. 2) . Because a majority (88%) of the patients had at least one baseline pulmonary disease, radiographic patterns were indeterminate in 12 patients (20%). For example, mixed active infection with other organisms (such as Aspergillus species or Mycobacterium species) resulted in a radiographic appearance indistinguishable from that of pulmonary nocardiosis. All patients with airway nocardial colonization had tiny nodules in the lung fields, and these nodules persisted for at least 1 year of follow-up in the absence of treatment.
Microbiological identification
In the present study, microbiological notation was rendered in its traditional form. Because Nocardia taxonomy was under continuous revision during the study period, we were not able to re-identify all of the Nocardia species using 16S ribosomal RNA sequence analysis. patients were treated with TMP-SMZ (Table 3) . Sixteen patients (27%) had contracted TMP-SMZ-resistant Nocardia infection: specifically, those with N. farcinica (5 of 6), N. otitidiscaviarum (4 of 4), and N. asteroides infection (7 of 40).
Most patients infected with TMP-SMZ-resistant pathogens were treated with imipenem/cilastatin ( Table 1) . 
3.4.
Risk factors
Survival rates from the date of diagnosis of pulmonary nocardiosis were 97% at 30 days, 83% at 90 days, and 74% at 180 days (Fig. 3) . To determine the risk factors associated with mortality, we analyzed the data using Cox proportional hazard regression modeling. After univariate analysis, five significant risk factors (po0.05) for mortality were identified: a history of heavy smoking (Brinkman index 4428), age 468 years, pulmonary malignancy, pulmonary aspergillosis, and TMP-SMZ resistance ( 
Discussion
The present study describes the characteristics of patients with pulmonary nocardiosis and the factors associated with a poor prognosis. Although there have been some studies of pulmonary nocardiosis, they have generally dealt with small numbers of cases [3] [4] [5] [6] [7] [8] . To our knowledge, ours is the largest study of pulmonary nocardiosis that includes clinical characteristics and prognostic factors. Our findings that older age, pulmonary aspergillosis, and TMP-SMZ resistance are independent and significant risk factors for overall mortality have not previously been reported in the published literature. Given the high prevalence of underlying pulmonary diseases and the potential impact of pulmonary nocardiosis, these findings have the potential to greatly influence daily clinical practice.
Nocardia species are gram-positive aerobic bacilli that can cause a wide variety of infections [1] . Their taxonomy is under continuous revision; the final identification for each species may require confirmation by molecular techniques such as 16S ribosomal RNA sequencing and polymerase chain reaction analysis, which may change the initial biochemical identification. N. asteroides, formerly considered the most common species associated with human disease, has been redefined as a complex that includes N. asteroides sensu stricto, N. farcinica, N. nova, and Nocardia transvalensis complex.
Most patients in the present study were male patients, which is consistent with previously published reports [8, 9] . Smoking status tended to be associated with higher mortality, but this was not significant after multivariate analysis. Smoking is a risk factor for a number of pulmonary infections, probably because of its adverse effects on respiratory defenses [10] . Patients older than 68 years also had a higher risk of mortality, consistent with the increased risk associated with pulmonary infection in elderly patients in general [11] . The potential for immunosuppression in elderly patients may contribute to the poorer outcomes in this group.
Generally, the use of immunosuppressants (such as those used after solid organ transplantation and hematopoietic stem cell transplantation) and corticosteroid therapies are the main risk factors for nocardial infection [12] . However, a US study found no evidence of underlying illness or immunosuppressive treatment in 15% of patients with nocardiosis [13] . It is clear, therefore, that pulmonary nocardiosis may occur in non-immunocompromised patients. Although most patients in the present study did not have any apparent immunosuppression, 88% of patients had at least one underlying pulmonary disease; this was consistent with previous studies of pulmonary nocardiosis [5] [6] [7] . In a previous study, 19% of patients with pulmonary nocardiosis had preexisting structural abnormalities of the lung [14] , and in the present study, both pulmonary malignancy and aspergillosis were associated with a higher risk of mortality. Although it is conceivable that a poor cancer prognosis contributed to the poor outcome of pulmonary nocardiosis, lung damage or changes in the lung structure due to pulmonary malignancy or aspergillosis may play an important role in nocardial infection of the human airway. These pulmonary structural abnormalities may be major risk factors for pulmonary nocardiosis in non-immunocompromised patients. Other pulmonary diseases such as chronic obstructive pulmonary disease, pneumoconiosis, mycobacterial infection, and bronchiectasis may also be risk factors for pulmonary nocardiosis, as previously reported [4, 7, 9, [15] [16] [17] [18] , but these were not significant factors in the present study.
Microbiological findings showed that 27% of cultures were resistant to TMP-SMZ, including most N. farcinica and N. otitidiscaviarum isolates. Generally, N. farcinica is associated with antibiotic resistance and poor outcomes [19, 20] . However, antimicrobial susceptibility patterns for this pathogen have varied from one report to another [21, 22] ; it was recently reported that problems exist in the inter-laboratory reproducibility of TMP-SMZ susceptibility testing [23] . Hence, the choice to not administer TMP-SMZ based on inaccurate susceptibility results may be a real risk factor for overall mortality, rather than TMP-SMZ resistance per se.
In the present study, the most common CT manifestations of pulmonary nocardiosis were air-space consolidation and nodules. Although there is no specific radiologic pattern for pulmonary nocardiosis, nodules and cavities have commonly been reported and may help when establishing the diagnosis [5, [24] [25] [26] [27] [28] . However, only two patients had cavitary lesions in this study, possibly because most of our patients did not have apparent immunosuppression (cavitation is especially common among immunosuppressed patients, such as those infected with human immunodeficiency virus) [28, 29] . Moreover, in the present study, all patients with the cavitary form of pulmonary nocardiosis had mixed infection with Aspergillus or Mycobacterium species. Thirteen patients were deemed to have an indeterminate pattern, because the effects of the co-infecting organisms were indistinguishable from those of nocardiosis. Finally, most of the patients with pulmonary nocardiosis had underlying pulmonary diseases, decreasing the likely utility of radiographic findings in establishing the diagnosis for pulmonary nocardiosis.
This study has some limitations that should be considered. First, this was a retrospective study, and as a result, there are many potential biases which we were not able to control. For example, our hospital was designed to manage patients with complicated pulmonary diseases. Therefore, most patients tended to have underlying pulmonary conditions; this may not be the case in other hospitals. In our population, no patient had apparent immunosuppression, and only one patient had disseminated nocardiosis. A second important limitation of the study is that molecular technology was not available, meaning that we could not reidentify Nocardia species that were initially identified more than 10 years ago. Because the agreement between molecular techniques and conventional methods ranges between 70% and 90% [30] , refining the classification of Nocardia species would not have substantially changed the main outcomes of the present study. Therefore, the traditional microbiological notation system was used in this study. Third, due to underlying pulmonary conditions, there were some difficulties in distinguishing nocardial airway colonization from pulmonary nocardiosis. We excluded patients who had no symptoms of respiratory infection despite the isolation of Nocardia species. Fourth, 12 patients with pulmonary malignancy were included in the present study; the majority of them died from their underlying malignancy. Therefore, we believe that the adjustment for malignancy in the multivariate analysis is appropriate, and will minimize the effect of pulmonary malignancy on the prognosis of pulmonary nocardiosis. Despite these limitations, our study included the largest sample size of any study on pulmonary nocardiosis published to date, and included detailed clinical data. This study may help provide new information on the risk factors for mortality in patients with pulmonary nocardiosis.
Conclusions
Pulmonary nocardiosis is not restricted to immunosuppressed patients. The disease can occur in immunocompetent patients who have an underlying pulmonary disease, with the most common being mycobacterial infection, chronic obstructive pulmonary disease, and malignancy. The predominant abnormality on chest CT in pulmonary nocardiosis was airspace consolidation, which may have been associated with cavitation. In patients with pulmonary nocardiosis, older age, pulmonary aspergillosis, and TMP-SMZ resistance were associated with higher mortality risk. Clinicians should therefore be aware that pulmonary nocardiosis can occur even in non-immunosuppressed patients.
